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INTRODUCT ION 
The extent to which light catalyzes chemical reactions 
in foodstuffs is unknown. Investigation has shown that 
light has the ability to reduce certain dyes, to decompose 
proteins with the liberation of ammonia, to destroy the re¬ 
ducing power of milk, and to hydrolyze polysaccharides. 
Concerning fruit juices, the changes observed after ex¬ 
posure to light seemed to depend upon the wavelength of 
the light employed, or the position of the light in the 
spectrum. It was demonstrated that green light precipitated 
the colloids in kraut juices. The alcohol, sugar, and 
pectin content of cider fermented in blue glass bottles 
was markedly diminished. 
At the present time much of our food is packed in 
glass, thereby enabling the customer to see the product be¬ 
fore purchasing it. To appeal to the public by displaying 
such glass-packed foods has been a major selling point. 
Yet in spite of the fact that so many of our glass-packed 
foods are displayed in store windows where they are sub¬ 
jected to diffused daylight and often to artificial light 
by night, the effect of light on the rate of oxygen loss 
has never been determined. 
Listed among the causes of food spoilage, oxidation 
occupies an important position. Some of the more common 
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forms of oxidation in foods are the rancidity found in fatty 
foods, the oxidation of ascorbic acid, and the darkening 
of tissues of fruits and vegetables containing such enzymes 
as oxidase, peroxidase, or tyrosinase. In tin containers 
the oxygen entrapped in the solid or liquid contents, or 
existing as a component of the headspace gas, reacts read¬ 
ily with the metal. Complete loss of the oxygen occurs in 
a very short time. A totally different picture is presented 
in glass-packed foods. Here there is very little metal, 
if any, to react with the oxygen. Consequently the oxygen 
remains in the headspace for a longer time. Having practi¬ 
cally eliminated the metal as an oxygen receptor in glass- 
packed foods, and preliminary work having shown that the 
oxygen disappears in ten to twenty days, it must follow 
that some food component is oxidized. 
Though progress on methods of packing fruit juices has 
been made, there are still many defects in the finished pro¬ 
duct. Among the more outstanding defects in the fruit 
juices which are packed in tin are loss of flavor, metallic 
and bitter tastes, bleaching or loss of natural color, and 
the appearance of new and different colors. In glass-packed 
citrus juices, probably the most outstanding defect is the 
undesirable change in color and flavor undergone by grape¬ 
fruit juice at ordinary storage temperatures. Oxidation 
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subsequent to packing is thought to be the cause of the defect. 
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The literature has been carefully reviewed in an at¬ 
tempt to determine the catalytic effect of light on the loss 
of oxygen in the headspace of glass-packed fruit juices. In 
the past, much has been published on biochemical oxidation. 
Some investigators voiced the opinion that light accelerated 
oxidation. Others maintained that heat was the all-important 
factor. As far as could be determined no actual studies 
were completed to verify or repudiate the above suppositions. 
In view of the extensive research completed and published on 
the heat effect on the oxidation of foods, the light effect 
may have been overlooked. More likely it was relegated to a 
place of unimportance, the heat effect having been given 
preference. Most attempts to study heat and light effects 
in fruit juices have been poorly controlled. Thus, the re¬ 
sulting data are not wholly reliable. As a result, con¬ 
flicting reports were published. It may be said, therefore, 
that the specific effect of light on the oxygen loss in 
the headspace of glass-packed fruit juices is unknown. Only 
when light studies have been completed will a clearer pic¬ 
ture of the catalytic effect of light on oxidation be ob¬ 
tained. 
A number of publications have reviewed the literature 
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in an attempt to bring it up to date# A publication by 
Ockey (1938) may serve to show the great interest in fruit 
juices which has arisen during the past decade. He stated 
that during the year 1937-38 the American people drank 80 
million gallons of canned fruit juice, not including siz¬ 
able but indeterminate quantities of sweet apple cider. 
Citrus juices comprised one-half of the 1937-38 fruit juice 
pack, with grapefruit juice making up three-fourths of 
this amount. The domestic pack of canned grapefruit juice 
increased from 174,000 cases in 1929-30 to 8.8 million 
cases in 1938-39. The increased production was due to: 
(1) general appreciation of their convenience as 
breakfast fruits, dinner cocktails^ unfermented 
punches, and in mixed alcoholic drinks. 
(2) increased supplies resulting in the necessity of 
more widespread diversion from the fresh market to 
by-product use. 
(3) recently recognized value as dietary supplements 
containing large amounts of ascorbic acid. 
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PURPOSE 
The objective of this study is to trace the oxygen con¬ 
tent of the headspace as it is influenced by external physi¬ 
cal factors, such as light, temperature, and type of con¬ 
tainer, The index of effects, whether or not they increase 
oxidation, is to be determined by the rate of oxygen loss. 
The major portion of this investigation is to include 
studies with an artificial source of light. The light is 
obtained from a fluorescent type of lamp. This is a modi¬ 
fication of the mercury discharge lamp. Activation of cer¬ 
tain phosphors in the lamp by a particular wave-length, 
2537 Angstrom units, emitted by the mercury is actually 
responsible for the fluorescent light. Light of this type 
is to be used so that uniformity and duplication of results 
might be obtainable. 
Physicists have definitely established the fact that 
different types of glass affect the transmission of light of 
varying wave-lengths. The filtering effect of different 
glasses upon light transmission is to be regarded with in¬ 
terest. Although knowledge of this is only of theoretical 
importance, it is to indicate in the final analysis whether 
or not the type of glass container has an inhibiting effect 
on light transmission. 
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The lights to be used are of known intensity only 
insofar as the visible radiant energy can be measured. As 
it is impossible to duplicate sunlight because of the ex¬ 
tremes in radiant energy, we have measured the intensity of 
the lamps in order to make a comparison between the energy 
liberated by these lamps and the energy of diffused day¬ 
light reflecting on the glass bottles. 
It has been shown that one reason for the growing 
consumption of fruit juice is their recognized importance 
as dietary supplements, containing ascorbic acid. The 
light effect on the oxidation rate of ascorbic acid is to 
be determined concomitantly with the oxygen loss. This is 
to determine whether or not the oxygen is reacting with 
the ascorbic acid. Knowledge of such a reaction would be 
of nutritional importance. The ascorbic acid is to be de¬ 
termined by the 2-6 dichlorophenolindophenol dye titration 
method. 
The study is to be conducted, therefore, to determine 
what effects, if any, these physical factors have on the 
packaged products. The variables introduced throughout the 
experimental procedure are attempts to simulate the actual 
conditions undergone by the package during its shelf life. 
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REVIEW OF LITERATURE 
Much literature has been published on the studies and 
investigations of the effect of oxygen in the headspace of 
glass-packed fruit juices• There have also been many ex¬ 
periments on the effect of different wave-lengths of light 
on foods, drugs, and dyes. However, data on the combined 
effect of light and oxygen on food are not to be found in 
the literature. In view of this fact the review of litera¬ 
ture has for the sake of clarity been divided into two 
sections, the first treating the oxidation of food, and 
the second treating the catalytic effects of light. 
Oxidation 
Toulouse (1937) summarized most of the investigations 
that were completed at that date. Martini (1934) indicated 
that light alone caused a drop in the oxidation-reduction 
potential of a solution containing ascorbic acid. Daniels' 
(1936) work mentioned that heat, rather than light, is the 
controlling factor in the oxidation of ascorbic acid. Fel¬ 
lers (1936), in an experiment station bulletin confirmed 
that cooking, especially in the presence of air, causes 
serious loss in the ascorbic acid content. 
Pulley and von Loesecke (1939) found that the oxygen 
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content of commercially extracted citrus juices, extracted 
from the fruit before deaeration, ranged from 2*46 c.c. to 
4.67 c.c. per liter when reduced to standard conditions. 
Dissolved oxygen apparently reacts with some constituent 
or constituents of the juice resulting in a disappearance 
of the oxygen. This disappearance of the oxygen is accel¬ 
erated by an increase in temperature and may adversely 
affect the juice, especially as far as the ascorbic acid 
is concerned. 
To counteract the deleterious oxygen effect, Lachele 
(1938) experimented with deaeration. He found that, al¬ 
though the efficiency of commercial deaerators was between 
70 and 90 per cent, considerable quantities of oxygen were 
incorporated in the juice, due to reexposure to the air. 
Analyses of the contents of finished cans have shown that 
the quantity of air absorbed amounts to three or four times 
the quantity present in the original juice. It is apparent 
that much of the effect of deaeration is nullified unless 
care is taken in the operation subsequent to deaeration. 
Regarding the deterioration of citrus fruit juices and 
orange juice in particular, various thsories have been pro¬ 
posed. Wilson (1928) suggested that the dark color upon 
processing and storage is due to the melanoid reaction, 
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which is the reaction between sugars and amino acids. In 
view of the investigation of Nelson, Mottern, and Eddy, 
(1928), they believed some other factor may be responsible. 
As early as 1917 LIcDermott stated that the darkening 
and deterioration of orange juice involved some spontaneous 
chemical changes, probably an auto-oxidation of a normal 
constituent of the juice. 
Eddy*s data (1936) indicated that 6.12 c.c. of oxygen 
per 100 c.c. orange juice were absorbed while the indophenol 
dye titration indicated that 4.4 c.c. could be accounted 
for by the amount of vitamin C present. Therefore, a part 
of the oxygen v/as used otherwise than by the primary oxida¬ 
tion of the reducing factor. The additional oxygen absorbed 
indicates that it was used to oxidize normal constituents 
of the juice present in minute quantities. He also studied 
the dimunition of the reducing factor of California Valen¬ 
cia orange juice in the presence of oxygen alone; oxygen 
plus 20 p.p.m. of cupric ion, of zinc ion, and of stannous 
ion, and of oxygen with an added ascorbic acid preparation. 
Data were obtained with which it was possible to corre¬ 
late the disappearance of the reducing substance with the 
absorption of oxygen. 
Eddy (1936) found that with oxygen absorption there 
was a concomitant ascorbic acid loss. In a general paper 
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relative to retaining flavor and vitamin content in fruit 
juices, Joslyn (1937) showed that ascorbic acid is adversely 
affected by enzymes, metallic contamination, and oxidation. 
Toulouse (1934-1936) found that the oxygen in carbonated 
beverages is gradually consumed by the contents and may affect 
the flavor of the product. Natural fruit juices absorbed more 
oxygen and their flavors were more damaged than were artifi¬ 
cial flavors. Horner (1933) in a study of gases in canned 
fruits indicated that the oxygen was derived mostly from mech¬ 
anically held air in the fruit. Stillman (1926) studied oxi¬ 
dation in the course of ascorbic acid destruction and found 
that exhausting the can and using a minimum headspace tended 
to preserve the ascorbic acid content. 
Cruess and Aref (1933) are of the opinion that much of 
the ••off” flavor of tomato and orange juice is oxidative. 
Exclusion of air is necessary to combat this oxidative reac¬ 
tion while flash pasteurization will inactivate the enzymes 
responsible for the oxidation. Investigators at New York 
Agricultural Experiment Station emphasize the effect of small 
amounts of air in changing the flavor, aroma, and appearance 
of apple, grape, and cherry juice. When the headspace was 
not evacuated, the juices slowly darkened and the flavor 
changed and became oxidized. 
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According to Hanak (1930), alternate oxidation and re¬ 
ductions of the iron present in wine causes a deepening' of 
the color of wine, when exposed to ultra-violet light. 
Ayers, Barnby, and Voigt (1927), investigated the use 
of glass containers for sauerkraut. They concluded that the 
darkening in glass containers appears as a result of oxida¬ 
tion caused by the oxygen in the air of the container. When 
sufficient oxygen is left in the container to cause a dark¬ 
ening, when not exposed to light, then exposure to light ac¬ 
celerates the color change. lixposure to light exerts no in¬ 
fluence, if the oxygen content is reduced by removal of air. 
These findings are in accord with the work of Harrison 
(1912) who reports that in the fading of many colors, oxygen 
is absorbed. He states that colors do not fade under the 
influence of light in the absence of air or oxygen. The con¬ 
clusion is, therefore, that oxygen is necessary for fading of 
dyestuffs to take place. 
Hover, in a publication in 1929, states that the darken¬ 
ing of sauerkraut juice when packed in glass containers ap¬ 
pears to be due to chemical changes. These changes result 
from an oxidation due to the presence of oxygen in the juice 
ox* in the container which is available to act on the product. 
Heat accelerates this change. Since the rate of reaction 
is quite different between room temperature and 95 F., mini¬ 
mum changes will be obtained at low storage temperatures. 
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He suggests that methods which produce a high vacuum and 
thereby eliminate oxygen from the headspace tend to over¬ 
come this difficulty of darkening* 
Neuberg and Schwarz (1917) in studying the biochemi¬ 
cal action of light found that the non-photosensitive sub¬ 
stances of animal and plant tissue show photosensitivity 
in the presence of certain inorganic (especially iron) 
salts which act as photocatalyzers. In the light the non¬ 
photosensitive substances take oxygen from the air and 
pass it on to the organic light receptors. Leuco-sub- 
stances and hydroquinone pass into a quinnoid form, and 
this change is reversible. Proteins are also affected. 
The sensitivity to light is increased in the presence of 
waters containing heavy metals. (It is not improbable 
that such changes may take place in canned foods). 
Mack, Fellers, Maclinn, and Bean (19S6) examined 12 
samples of 10 different dairy orange beverages for ascorbic 
acid content by the iodine titration method and the biologi¬ 
cal method. They showed values from 0.003 to 0.093 mgs. 
ascorbic acid per grain, corresponding to from 0.2 to 53 
units per ounce. For comparison fresh orange juice con¬ 
tained 228 to 258 units and canned orange juice slightly 
more than 200 units of vitamin C* 
While some dairy orange beverages are fair antiscor- 
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butica they contain only 10 per cent as much vitamin C as 
fresh orange juice* 
Fellers and Isham (1932) showed that hermetically 
sealed tin cans prevent destructive oxidation of vitamin C 
in stored citrus juices. Storage of canned orange and 
grapefruit juice showed that they contain fully as much 
vitamin C as fresh citrus fruits. 
Kohman (1925) reported studies on the relation of oxy¬ 
gen to ascorbic acid stability in canned fruits. He showed 
that when oxygen is excluded heat has very little effect on 
the ascorbic acid stability. The loss in ascorbic acid in 
cans is very slight when most of the oxygen is removed. 
Kohman (1937) reported that oxygen was the most de¬ 
structive agent of the ascorbic acid in tomato juice, but 
that only the oxygen in solution was effective. 
Tressler and Pederson (1936a) investigated the factors 
controlling the rate of deterioration of bottled grape juice. 
It was found that grape juice stored under a high vacuum or 
in bottles containing substantially no oxygen undergoes very 
little change even when exposed to light at room temperature. 
.A . •» . ; . . ' 
Juice in partially-filled bottles deteriorates rapidly. 
« 
The changes noted are the clouding of the juice, a change 
from the bright purple red to a brown color, a slow deposi¬ 
tion of sediment leaving an amber colored liquid, and a detri 
14 
mental cnange in aroma and flavor* Warm temperature and 
light, particularly of the short wave type, accelerates 
these changes. The type of glass had no effect on the 
keeping quality of grape Juice* The main control measure 
is the removal of as much oxygen as is possible* 
A second publication (1936b) by these two authors 
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points out that certain manufacturers, observing that grape 
juice packed in small bottles deteriorated more rapidly 
than that kept in cool storage in tanks or barrels, have 
suggested that the juice may change because of its reaction 
with the alkali of the glass* A phenomenon which seems to 
substantiate this theory is the staining of the bottle that 
usually occurs during the deterioration of the juice. 
Ford, (1932), has discussed in some detail the dele¬ 
terious changes in canned foods due to oxygen* Certain vege 
table products contain substances known as oxidases, which 
in the presence of oxygen produce darkening of the material. 
If these oxidases are not destroyed by heating and the pro¬ 
duct is not covered by liquid, the oxygen in the headspace 
may bring about a darkening of the material above the liquid 
Rancidity, loss of flavor, or the development of "off" flav¬ 
ors are attributed to the oxygen remaining in the sealed con 
tainer. This oxidation may be entirely confined to the sur¬ 
face of the product, in which case the result is generally 
15 
some objectionable change in appearance* In some instances 
this oxidation may occur in the product itself, from the 
oxygen dissolved in the liquid, or as a combination of oxy- 
gen with some ingredient of the product. If there is any 
possibility of this type of oxidation, it is necessary to 
heat the product to drive out the air or to prevacuumize. 
Rector (1923) is of the opinion that the chemical 
changes occurring in canned foods which in time would make 
them unfit for consumption are due principally to oxygen. 
Such changes are of particular importance in nuts, oils, 
olives, butter, eggs, dried milk, salad dressing, catsup, 
and fish. 
Ayers (1929) reported that the state of reduction of 
fruit juice is an important factor in preservation which 
may be independent of the oxygen. Grapefruit juice was 
successfully packed by a 26M vacuum and inoculation with 
yeast to remove residual oxygen and to increase reduction. 
He calls attention to the possibilities of using micro¬ 
organisms to assist in the removal of oxygen from fruit 
juice and to lower the state of reduction. 
Ayers and Osborne (1936) emphasize that in employing 
a vacuum in food preservation it is necessary to recognize 
the fact that it is not the number of inches of vacuum, 
but the amount of oxygen left in the container which deter¬ 
mines the effectiveness of the vacuum. The amount of oxygen 
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left in the headspace is influenced ty the amount of the 
vacuum, by the amount of headspace, and the naxure of the 
product which is packed. 
Summary of Literature on Oxidation 
Most changes taking place in canned foods during stor¬ 
age which ultimately render them unattractive, unpalatable, 
or unfit for consumption are due to the presence of small 
amounts of oxygen within the container. The presence of 
oxygen allows rancidity to take place and in certain pro¬ 
ducts permits mold growth. The presence of oxygen and oxi¬ 
dases in some instances, is a cause of darkening in the 
product. Light may accelerate the deleterious changes which 
are caused by oxygen, Sven in carbonated beverages the 
presence of oxygen may affect the flavor, especially when 
natural fruit juices are employed. Darkening in color and 
taste defects are thought to result largely from oxidizing 
reactions. 
Light 
Purcell (1934) in studying the effect of sunlight found 
that protracted exposure to light rays in the presence of 
small amounts of air has a detrimental effect on many flavor¬ 
ing extracts. This effect is more marked in flint glass bot¬ 
tles than in amber bottles. 
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Physical tests showed that flint glass permitted 80 per 
cent of all the components of the spectrum to pass through, 
while the amber allowed none of the blue rays and less than 
50 per cent of the red rays* This data was determined by 
Prof* Hardy of Mass* Institute of Technology with the aid of 
a recording spectro-photometer. 
Carpenter (1922-1933) investigated the influence of light 
on bottled apple and kraut juices. In general, the red end 
of the spectrum was found to darken the color of the juices 
while the blue end tended to fade out the color. Juice ex¬ 
posed to green light remained more nearly its original color 
than when exposed to light of any other color. The red end 
of the spectrum affects apple juice flavor and aroma favor¬ 
ably, while the blue ena causes a dimunition of both. T/ith 
kraut juice, both the red and blue ends of the spectrum af¬ 
fect the flavor and aroma unfavorably, while the green light 
produced less change than any other color. Kraut juice ex¬ 
posed to green light was not so palatable as that kept in the 
dark, but was considerably better than that exposed to light 
of any other color. This was probably due to the influence 
of the light on the fluorescent substances of sauerkraut 
juices, which has a coagulating effect on the colloids and in¬ 
creases the turbidity. This situation is analogous to that 
of Boutaric and Bouchard (1932) who found in the case of ar- 
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senious sulfide solutions containing fluorescent- compounds 
that visible and ultra-violet light hastened the rate of 
flocculation of this sulfide very materially, the greater 
effect occurring in ultra-violet light. 
Andouard (1908) found that cider fermented in glass 
kegs of various colors gave the follov/ing results: green, 
red, yellow, and violet had no effect on the composition; 
blue diminished to quite an extent the alcohol, pectin, 
sugar, and the tannin, while the volatile acid and total 
acid increased correspondingly. Blue, therefore, pro¬ 
duced the greatest effect. 
Husa (1928) reported that colorless glass allows the 
passage of visible light, long ultra-violet, and short 
infra-red rays. Arpy (1931) states that only a few chemi¬ 
cals are affected by light and that rancidity is due to 
oxidation. Amber glass afforded the best protection for 
medicants of any glass commercially available, and was con¬ 
siderably better than the easily available green glass con¬ 
tainers. 
Ford (1933) takes exception to the conclusions of Coe 
(1933) that some foods packed in glass jars or bottles be¬ 
come rancid owing to the action of light rays. For most 
products ordinary flint glass provided adequate protection 
against light conditions encountered in the commercial 
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distribution and display of glass-packed food products. 
Ford in a discussion in the Glass Packer (1932) on the ef¬ 
fect of light rays on glass packaging emphasized the point 
that the effect which light rays produce upon a product 
packed in glass is governed by their intensity, time of 
exposure, the degree of their transmission, and the factor 
of light absorption. Certain amber glass was effective 
in cutting out harmful rays. Dark amber glass was found 
to cut out light rays below 4600 Angstrom units. Ordinary 
flint glass cuts out the light rays below 2900 Angstrom 
units. However, there is no sharp line of demarcation but 
only a gradual decrease in the transmission. 
An editorial (1934) relative to the problem of stopping 
spoilage by the use of colored packages brings the known 
information up to date and concludes that relatively little 
is known about light and spoilage. Additional experimental 
data are needed before definite conclusions may be drawn. 
Puxeddu (1912) found that when vanillin was exposed to 
sunlight it was hydrolyzed to dehydrovanillin, in either 
an atmosphere of air or carbon dioxide. 
Sffront (1912) reported that protein matter and amino 
acids in alkaline solution and in the presence of sunlight 
were decomposed with the formation of ammonia, volatile 
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acids, and very small amounts of nitric acid. In the dark, 
ammonia, corresponding to the amino nitrogen only was formed 
and no peroxide was detectable. He suggested that peroxide 
reacts first with the amino acids and then decomposes them 
completely • 
Moore and Webster (1918) reported that solutions or 
emulsions of monosaccharides, disaccharides, polysaccharides, 
glycerol, chlorophyll, egg albumen, milk, and vegetable 
juices yielded formaldehyde on exposure to ultra-violet 
light for three or four hours. Sunlight produced the same 
changes but required a longer time. The more transparent 
the solution, the more marked is the reaction, which is 
apparently one of successive hydrolysis. The reaction took 
place more slowly in glass than in quartz containers due to 
the filtering out of the ultra-violet rays in their passage 
through glass. 
Dreyer (1922) in studying the biochemical effects of 
light rays found that ultra-violet light changed many pro¬ 
teins markedly. Many albumens were quantitatively precipi¬ 
tated. Plant albumins, or vitelline, were very susceptible 
as were most globulins. 
Amy (1937) found that glasses which appear to be the 
same color may be quite different in their ability to stop or 
reduce the transmission of light. This fact is probably the 
result of the varied composition of glasses which seemed to 
be the same color* 
Booth and Kon (1934) investigated the effect of light 
on the reducing substances in milk* Milk which origihally 
reduced the indophenol reagent for ascorbic acid failed to 
do so after direct exposure to sunlight. Treatment within 
an hour with hydrogen sulfide and the removal from the 
trichloroacetic acid filtrate restored 90 per cent of the 
original reducing value. The non-restorable loss increased 
with duration of exposure and after six hours only 50 per 
cent was restorable. 
Houston, Kon and Thompson (1939) concluded that brown 
glass bottles allowed little destruction of ascorbic acid, 
green glass bottles considerably more, and wax-impregnated 
cartons still more. In clear glass bottles only one-half 
as much ascorbic acid remained as in wax-impregnated car¬ 
tons. 
According to a publication by Schroeder (1939), irradi¬ 
ation with a Mercury-quartz lamp diminished the ascorbic 
acid content of milk 50 per cent in ten minutes and destroyed 
all in one hour. 
Hand, Guthrie, and Sharp (1938) found that after lacto- 
flavin and ascorbic acid have been destroyed by prolonged 
exposure to sunlight, light no longer causes photo-oxidation 
of additional ascorbic acid. Addition of lactoflavin re- 
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stores the photochemical sensitivity. Sensitivity of as¬ 
corbic acid to light can also be prevented by removal of 
lactoflavin by absorption. Milk freed from oxygen was 
heated three hours at 63 C. after the addition of 0.1 mg. 
copper per liter, with no appreciable oxidation of reduced 
ascorbic acid. By utilizing water vapor generated in the 
milk by vacuum distillation to sweep out the oxygen, flavor 
defects due to oxidation can be avoided and the reduced as¬ 
corbic acid naturally present in the milk or added to the 
milk can be preserved. Pasteurized milk subjected to this 
treatment is richer in ascorbic acid after holding than is 
untreated raw milk held for the same time, and is much less 
subject to flavor defects. 
Kon and Watson (1936) found that oxygen must be present 
in milk in order for light to exert a destructive effect on 
the ascorbic acid content. Daniels (1936) reported that 
heat rather than light was the controlling factor in the 
oxidation of ascorbic acid. Kubli (1936) has likewise re¬ 
ported that daylight was without influence on the rate of 
oxidation of ascorbic acid. 
Maksimov (1938) reported experiments on the protection 
of ascorbic acid during sterilization of canned foods by the 
use of ultrashort waves. At 100 degrees C. the reduction 
in vitamin activity is parallel to the duration of heating. 
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V*hen fruits and vegetables were exposed to short wave radia¬ 
tion at 100 degrees C. the loss in vitamin activity is less* 
The stability of ascorbic acid under the action of irradia¬ 
tion and sterilization was dependent upon the pH. The ther¬ 
mal stability of the vitamin increases with the hydrogen ion 
concentration. The use of a vacuum during the irradiation 
offers the possibility of retaining the ascorbic acid entire¬ 
ly, except in cabbage. 
Hauck (1938) found that in tomato juice packed in glass, 
exposure to light appeared to exert a preservative action on 
ascorbic acid. Fellers and Buck (1929) showed that the loss 
in ascorbic acid amounted to 15 per cent at ordinary storage 
temperature for one year in tomato juice canned in glass 
containers. Amber glass exerts a protective action on ascor¬ 
bic acid. The losses were greater at higher storage tempera¬ 
tures. 
Ssselen and Bamby (1939) report exposure of foods to 
sunlight under commercial conditions is not comparable to 
experimental packs exposed to sunlight. Therefore, the re¬ 
sults that have been obtained are not valid in the inter- 
y . 
pretation of changes occurring in commercial products. The 
reason is the difficulty in duplicating sunlight under lab¬ 
oratory conditions that would simulate the different expo¬ 
sures undergone by the packs in store windows. 
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Summaiy of Literature on Light 
The effect of light on glass packing is governed by a 
number of factors, namely intensity, time of exposure, degree 
of transmission, and the factor of light absorption. The 
changes caused by light absorption are varied. Among the 
more important changes are changes in composition, stability, 
and general decomposition of chemical constituents. 
In studies conducted to determine the ability of colored 
glasses to prevent such changes as listed above, it has been 
found that black, red, and brown offer the desired protection. 
Black is superior, but for economical reasons and convenience 
brown is used. Blue and green glass do not render suffi¬ 
cient protection against light penetration. 
In general the studies on light have been inadequately 
controlled and have been complicated by the oxygen in the 
headspace of the containers. The status of knowledge con¬ 
cerning preservation by colored packages is scientifically 
unstable and inadequate for sound conclusions. 
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EXPERIMENTAL PROCEDURE 
Preliminary investigation has shown that oxygen in the 
headspace of fruit juices packed in glass disappeared under 
ordinary conditions of storage in approximately 20 days. 
The problem of this thesis involved tracing the oxygen loss 
in the headspace of glass-packed fruit juices as it is af¬ 
fected by such factors as light, heat, and type of glass 
container. The loss of ascorbic acid was measured as an 
index of the oxidation of the fruit juices. A fluorescent 
lamp supplied the light used in the investigation. The 
radiant heat from the lamp was eliminated by a continuous 
flow of water over the samples, thereby making the results 
comparable throughout the investigation. The glass con¬ 
tainers were of two types, amber glass, and flint glass. 
Methods of Analysis 
Gas Apparatus 
The reaction of gases with 
underlying principle upon which 
works. The gases determined by 
carbon dioxide, and inert gas. 
hydroxide is used to absorb the 
alkaline solution of pyrogallic 
certain solutions is the 
a gas analysis apparatus 
this apparatus are oxygen, 
A solution of potassium 
carbon dioxide and an 
acid is used to absorb 
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the oxygen. 
The gas apparatus as designed and constructed by Mr. 
K. R. Newman for this experiment was a standard Orsat gas 
analysis apparatus, modified by the addition of an attach¬ 
ment for the collection of gas samples. A photograph of 
the gas apparatus with the parts properly labeled may be 
seen on the following page. The complete apparatus con¬ 
sisted chiefly of a mercury reservoir (a), two gas ab¬ 
sorption pipettes (b), a measuring burette (c), two le¬ 
veling bulbs (d), and a cap puncturing device (e). With 
the exception of the two gas absorbing pipettes the gas 
apparatus was completely closed by a water system. The 
gas was collected over water and was measured volume tri- 
cally by displacement of the same. For the absorption 
of the carbon dioxide, one pipette contained a 50 per 
cent solution of potassium hydroxide. The other pipette 
contained a solution of 50 per cent potassium hydroxide 
and 15 per cent pyrogallic acid. By scrubbing the gas 
through this solution, the oxygen was absorbed. 
To operate the apparatus the food container was 
placed in the holding device which is a modified screw 
clamp. At the top of the clamp was a soft rubber stop¬ 
per (A) surrounding a hollow pointed steel puncturing 
tube. Connected to this puncturing device was a piece 
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of glass tubing which served to contain and conduct the 
gas through the apparatus. At the bottom of the clamp 
was a thumbscrew used to bring the food container in 
contact with the piercing tube. The two-way stopcocks 
were then opened so that by lowering the mercury reser¬ 
voir a vacuum could be drawn. The gas was then sucked 
into the gas pipette and collected over a water layer. 
The two-way stopcock connecting the mercury pump was 
then manipulated and inverted, the mercury raised, and 
the gas forced into the measuring burette where it dis- 
placed water. The water leveling bulb> was adjusted and 
the collected gas was measured volume trie ally. As the 
. j 
volume of a gas is a function of the absolute tempera¬ 
ture, according to Gay-Lussac*s Law, it was necessary 
to insert a thermometer in the water bath surrounding 
the measuring burette in order to indicate the tempera¬ 
ture. 
The gases that were determined by this apparatus 
were oxygen and carbon dioxide. The volume of residual 
gas not absorbed by the solutions was also measured. 
The absorbing chamber consisted of an absorbing pipette 
surrounded by a glass sleeve which acts as a reservoir 
for the solution. The gas apparatus contained two ab¬ 
sorbing chambers, one containing potassium hydroxide for 
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the carbon dioxide, and the other containing alkaline py- 
rogallic acid for the oxygen. At the top of each chamber 
was a common inlet which was controlled by a two-way stop¬ 
cock whose function was to direct the flow of gas entering 
the chamber. One aperture in the stopcock was connected 
to a glass tube which extended almost to the bottom of the 
chamber. The stopcock was rotated to this position just 
prior to scrubbing. The leveling bulb was raised and the 
gas was forced to the bottom of the absorption pipette. 
This pipette contained a number of pieces of glass tubing 
to aid in bubbling the gas through the solution. In this 
way a small volume of gas was exposed to a large surface 
of absorbing solution, thereby causing a maximum amount 
of absorption. The stopcock was then inverted and the 
leveling bulb lowered so that the gas from the upper part 
of the absorption pipette passed into the measuring burette. 
As all the gas was not absorbed by a single scrubbing, it 
was necessary to repeat the procedure five or six times. 
Since the system was completely closed by water and stop¬ 
cocks, the gas could only flow from measuring burette into 
the absorption pipette and back again. After the scrubbing 
was completed the system was flushed with water by raising 
the mercury level. This procedure forced any gas trapped 
in the glass-rubber joints into the measuring burette. 
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The leveling bulb was adjusted to the same height as the 
measuring burette, eliminating the factor of* pressure in¬ 
equality, and the volume of gas was read directly. 
In the analysis of a sample of gas the container was 
placed in the holding device and the thumbscrew tightened 
until the cap was pierced. By raising and lowering the 
mercury bulb the gas was first drawn into the mercury 
pipette and then passed immediately into the measuring 
burette. When the proper volume was withdrawn from the 
container, i.e. between 20 c.c. and 25 c.c., the system 
was flushed with water, and the volume was determined 
to the nearest one-tenth c.c.. Since the oxygen absorbing 
solution also absorbed carbon dioxide, it was necessary 
first to absorb all the carbon dioxide gas in the potassium 
hydroxide solution. The system was again flushed with 
water and the volume was determined. The difference be- 
tween the two readings represented the volume of carbon 
dioxide absorbed. The oxygen was then removed by scrubbing 
10 or 12 times in alkaline pyrogallic acid. The system 
was again flushed with water, the leveling bulb adjusted 
to the proper height, and the volume of gas determined 
in the measuring burette. The difference between the 
second and third volumes represented the amount of oxygen 
absorbed. The gas that remained after the scrubbing pro- 
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cesses were completed was considered to be nitrogen, al¬ 
though it was actually a mixture of nitrogen and inert 
gases# In order to compensate for variations in atmos¬ 
pheric pressuref temperaturef and vapor pressure, the 
volumes of the three gases must be reduced to standard 
conditions• 
Since the volume of gas drawn from each sample de¬ 
pends upon the number of times the mercuiy reservoir was 
raised and lowered and on the amount of vacuum drawn on 
the sample, it was evident that no two volumes drawn were 
identical. To condensate for such variations as may oc¬ 
cur during an experimental pack, the volume of oxygen pre¬ 
sent during a particular series was based upon the volume 
of nitrogen. Since the nitrogen was an index of the ori¬ 
ginal headspace gases, the calculations were based upon 
the volume of nitrogen present. This method facilitated 
graphing of the results. Otherwise, any graphs drawn 
would have been incongruous and meaningless. As the gas 
mixtures were homogeneous, this procedure was logical 
and correct. 
Light Apparatus 
The light apparatus consisted of a watertight wooden 
box 48 inches long, 10 inches wide, and 10 inches deep. 
The inside was painted with aluminum paint to increase the 
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light* reflection. The two 48 inch fluorescent lamps were 
attached to the hinged cover. A flow of water through the 
box eliminated the heat effects of the lamps. Without some 
type of cooling device the temperature would have risen to 
100 degrees F. and deleterious effects resulted. The outer 
surface of the cover contained two transformers and the 
necessary wiring. 
Although the fluorescent type of lamp is a relatively 
new development, fluorescence has been known for some time. 
Fundamentally, the lamps were a modification of the Cooper- 
Hewitt mercury arc lamps. The inner surface was coated with 
a single phosphor or group of phosphors, depending upon the 
type of light desired. The colors produced by different 
phosphors are indicated in Table I. A small amount of mer¬ 
cury Y/as placed in each lamp which was then mechanically 
exhausted. At either end electrodes were inserted to per¬ 
mit sparking v/hen the switch was closed. The high voltage 
necessary to initiate sparking was derived from the trans¬ 
formers. Radiations emitted by the mercury had a wave¬ 
length of 2537 Angstrom units which was in the ultra- violet 
range of the spectrum. The radiations activated the phos¬ 
phors and the resulting light was practically all between the 
4000 and 7000 Angstrom unit line. In other words, the re¬ 
sulting light was practically all within the visible range. 
TABLE I. 
Phosphor General Color Exciting Range* mm Peak Emitted Range Emitted Peak 
Calcium Tung¬ 
state Blue 2200-3000 2720 3800-7000 4400 
Magnesium 
Tungstate 
Blue- 
white 2200-3200 2860 3800-7200 4800 
Zinc Silicate Green 2200-2960 2537 4500-6200 5250 
Zinc Beryl¬ 
lium Silicate 
Yellow- 
white 2200-3000 2537 4500-7200 5950 
Cadmium Sili¬ 
cate 
Yellow- 
pink 2200-3200 2400 4300-7200 5950 
Cadmium Borate Pink 2200-3600 2500 4000-7200 6150 
*2200A is lower limit of measurements. 
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Herein lay the only basis for comparison to solar light. 
Thei e are radiations emitted from the sun which are very 
powerful, but nevertheless invisible to the human eye. 
The only justifiable comparison to sunlight was the simi¬ 
larity to daylight of the visible light emitted by the 
lamps. 
There was no set of rules9 or standard procedure to 
follow, in the operation of the light apparatus. Water 
was permitted to flow through the box at a depth of about 
three inches. The bottled juices were placed on their 
sides in two rows, the necks of one row interlocking the 
necks of the other row. This method of arrangement af¬ 
forded an equal distribution of the light shining on the 
bottles from above. The lights were turned on and the 
cover sealed down. At predetermined intervals the light 
chamber was opened and samples removed for gas analysis 
and ascorbic acid content. 
The lights were 650 foot candle power as measured 
by a General Electric photometer. The 40-watt input 
expended in obtaining light was utilized as follows. A 
primary loss of 50 per cent occurred in the conversion 
of electricity to light radiations in the 2537 Angstrom 
unit line. Subsequent conversion to visible lines en¬ 
countered 75 per cent loss of the remaining 50 per centt 
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which loss became| as before, infra red radiations connec¬ 
tion, and conduction currents. The remaining 13 per cent 
< 
of the energy was converted to the visible lines. This 13 
per cent, in comparison to the one per cent conversion in 
incandescent lamps, was relatively high. 
The intensity of the light emitted from the lamps var¬ 
ied somewhat with age and methods of use. The manufacturer 
rated them at 2000 hours which was, in all probability, a 
minimum rating based on hard usage. In this experiment 
they were not subjected to anything but constant use, which 
should have greatly extended their life. Beyond the rated 
2000 hours there was a noticeable change in intensity. Max¬ 
imum intensity was reached shortly after they were put into 
operation but gradually decreased to approximately 30 per 
cent which was the highest peak attainable. This loss may 
be attributed to blackening of the electrodes and fluorescent 
material by the mercury. For this reason controls should, 
wherever possible, be exposed to the same conditions as the 
experimental pack, thus eliminating a few indeterminable 
variables. 
The intensity of the lights at a point approximating 
the upper surface of the bottle was previously quoted as 
650-foot candle power. The intensity within the bottles 
may not have been as great, but as read, it could be com¬ 
pared to light readings made on glass-packed foods placed 
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on shelves# If "the shelf life of gla.ss-ps.cked products was 
six weeks as an average, and the intensity of the light at¬ 
tacking these products were 300—foot candle power per day, 
the total foot-candle hours would have been 10,000 to 15,000# 
The average exposure in this apparatus amounted to about 
50,000 to 75,000-foot candle hours, which was about five 
times the expected shelf exposure# 
Ascorbic Acid Determination 
Citrus fruit juices coirtain one readily oxidizable sub¬ 
stance that was determined quantitatively# This substance 
was ascorbic acid commonly known as vitamin C or the anti¬ 
scorbutic vitamin# 
The deterioration of ascorbic acid involves the loss of 
two atoms of hydrogen, in other words, oxidation is taking 
place# If, therefore, the ascorbic acid content of a series 
of sample was determined over a period of time, the loss of 
ascorbic acid should be an index of the oxidation occurring 
within the samples# By calculating the combining weight of 
' ascorbic acid with oxygen and by determining the amount of 
ascorbic acid and the volume of oxygen present at the begin¬ 
ning of the experiment, one could predict the volume of 
oxygen capable of being bound by the ascorbic acid# 
The method employed in the ascorbic acid determination 
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was the chemical titration method of Tillmans, Hirsch, and 
Hirsch (1932) as modified by Bessey and King (1933). This 
is an oxidation-reduction system which employs the use of a 
dye, 2-6 dichlorophenolindophenol. A water solution of the 
sodium salt of this dye was standardized. A five c.c. sam¬ 
ple of fruit juice was pipetted into a flask, acidified, and 
titrated against the dye to the first pink color that faded 
in 20 seconds. The c.c. of standardized dye used divided 
by the c.c. of the sample indicated the ascorbic acid con¬ 
tent in milligrams per c.c.. The standardization of the 
dye was done according to the method of Buck and Ritchie 
(1938)• 
Description of Perfected Chemical Titration Method 
for Determination of Ascorbic Acid 
Preparation of indicator solution. 
lb Dissolve 0*2 gram of dry 2-6 dichlorophenolindophen¬ 
ol indicator with hot water. Filter, and add dis¬ 
tilled water to make up a volume of 400 c.c.. 
tfi ' 
2. Store in brown glass bottle in cold room for not 
more than 5 days. 
3. Standardize indicator daily. 
Preparation of potassium iodate solution (O.OHO. 
1. Dissolve 2. 1402 grams potassium iodate in warm 
water and make up to one liter. 
2. Store in glass bottle. Keep covered to prevent 
36 
evaporation a© this is to be the standard solution* 
Preparation of sodium thiosulfate solution (0.01N). 
1* Dissolve 1*24 grams of sodium thiosulfate in dis¬ 
tilled water and make up to one liter. This makes 
a 0.10N stock solution. 
2. Dilute ten times to make a 0.01 N solution. 
3. Store in cold room when not being used. 
Preparation of starch solution (0.5 per cent). 
1. Dissolve 0.5 gram soluble starch in 100 c.c. cold 
water and store at a cold temperature. 
Preparation of acid mixture (2 N sulfric and 2 per cent 
metaphosphoric) 
1. Dissolve 40 grams metaphosphoric acid in water and 
add 110 c.c. concentrated sulfuric acid. 
2. Make up to two liters. 
Standardization of sodium thiosulfate against potassium iodate. 
1. Place 2 grams potassium iodide in a flask and add 
about 50 c.c. water. Add 10 c.c. of 0.1 N hydrochlo¬ 
ric acid and 10 c.c. potassium iodate. 
2. Titrate against 0.01 N sodium thiosulfate until a 
light straw color appears. Add starch indicator, five 
to ten drops. 
3. Titrate to the disappearance of the blue color. 
4. Repeat titrations in duplicate. 
Calculations 
1. Potassium iodate because of its stability is used 
as a standard solution. Since 1 c.c. of 0.01 N iodine 
solution reduces 0.88 mgs. ascorbic acid and since 
there is as much iodine in a 0.01 IT KIO3 solution, 
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1 c.c. of 0.01 XT potassium iodate can reduce 0.88 
mgs. of pure ascorbic acid. 
2. The number of c.c. of potassium iodate times 0.88 
divided by the c.c. of sodium thiosulfate indicates 
the value ox the latter solution in mgs. per c.c.. 
Standardization of dye indicator against sodium thiosulfate. 
1. Flace 2 gms. potassium iodide in a flask and add 
50 c.c. distilled water. 
2. Acidify with 10 c.c. 0.1 N hydrochloric acid. 
3. Add 10 c.c. dye indicator to the flask. 
4. Titrate against standard sodium thiosulfate solu¬ 
tion to a straw color. Add starch indicator. 
5. Titrate to disappearance of starch-iodine blue color. 
Calculations. 
1. Since the dye does not react with the potassium 
iodate solution, it must be standardized against the 
sodium thiosulfate which has been standardized against 
the potassium iodate. 
2. The c.c. of sodium thiosulfate times its value div¬ 
ided by the c.c. of dye indicates the value of the dye 
in mgs# per c.c.. 
i ■ • it 
Titration of sample: 
1. By means of a cabbroted pipette, place 5 c.c. of 
the fruit juice in a flask. 
2. Add 25 c.c. distilled water and acidify with five 
c.c. of acid solution. 
3. Titrate against the dye indicator, using the first 
pink that fades in just 20 seconds as the end point. 
4. Hake duplicate titrations. 
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Calculations: 
!• number of c.c. of dye times the value of the 
dye divided by the c.c. of sample indicate the valu§ 
of the sample in mgs. per c.c.. 
Experimental Accuracy 
The gas apparatus was capable of measuring 30 c.c. 
The measuring burette was calibrated to one-tenth c.c. It 
was, however, possible to read volume changes of five- 
hundredths c.c., if an illuminating device was placed di¬ 
rectly behind the measuring burette. Such accuracy was not 
significant in the investigation. Assuming a volume of 30 
c.c. was read to the nearest one-tenth c.c., the error 
would have been five-hundredths units in 30, or two-tenths 
per cent. In analyzing headspaces greater than 30 c.c. an 
auxiliary measuring burette was attached. Thie burette was 
capable of containing 100 c.c. of gas. In analyzing head- 
spaces in excess of 30 c.c. it was more efficient to draw 
the entire volume from the headspace. However, only an 
aliquot portion, 25 c.c., was taken for analysis. 
The graduations on the 100 c.c. burette were placed 
at two-tenths c.c. intervals. As the graduations were 
placed very close together an error of two-tenths c.c. could 
easily have been encountered. This error was calculated at 
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slightly less than two-tenths per cent, 
xne lights in the experiment were rated at 2000 hours. 
The maximum efficiency of about 99 per cent was attained 
when lights were new. After the first 100 hours there was 
a 10 per cent loss. Assuming the efficiency was determined 
after the first 100 hours^ there would be only a 15 per cent 
drop during the next 2000 hours. - Continued use in excess 
of the rated 2000 hours must have resulted in a further de¬ 
crease in efficiency. This has introduced a slight and in¬ 
calculable error. 
The ascorbic acid determination presented the greatest 
source of possible error becauee of the many steps involved 
in the titrations. As a precautionary measure it might be 
well to mention that any inaccuracy in weighing the potassium 
iodate and sodium thiosulfate or subsequent evaporation of 
either solution would have affected their strength. Calcu¬ 
lations based on inaccurately standardized solutions of po¬ 
tassium iodate and sodium thiosulfate can only result in 
error. Errors in the standardization of these two solutions 
would have a cumulative effect on the value of the 2-6 
dichlorophenolindophenol dye. In the dye titration of the 
samples the average of the duplicates was taken as the mean 
value of the sample. Variations in the duplicates never 
exceeded five-hundredths c.e.. The experimental error in- 
troduced in the ascorbic acid content was about nine-tenths 
. *» 
per cent| provided that all solutions were accurately stan¬ 
dardized. In a series of interrelated titrations it is 
possible to make mistakes in each titration and yet arrive 
at the exact theoretical, value. 
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EXPERIMENTAL RESULTS 
Effect of Sunlight During Storage 
Gra.pG-.ruit juice was purchased in the open market and 
was repacked under definite conditions of headspace, 25, 50, 
75, and 100 c.c., and definite conditions of temperature, 
40 degrees F. and 70 degrees F. The bottles were left on an 
open desk and subjected to sunlight at room temperature* 
Samples were analyzed periodically for their gas content and 
ascorbic acid content. Figure I shows the results that 
were obtained with these varying headspaces. In all cases 
the oxygen loss was in excess of the amount that could be 
bound by the ascorbic acid. Apparently there is some other 
component which reacts with the oxygen. Curve A represents 
the oxygen loss in grapefruit packed in glass bottles with 
100 c.c. headspaces and exposed to sunlight at room tempera¬ 
ture. At the beginning of the experiment there were 16.35 
c.c. oxygen present in the headspace and 0.35 mgs. ascorbic 
acid per c.c. of juice. Analysis showed that when the oxy¬ 
gen content was reduced to zero there was still 0.40 mgs. 
ascorbic acid per c.c. of juice. The dotted line represent¬ 
ing the theoretical loss of oxygen shows that when there 
was 0.04 mgs. ascorbic acid present there should have been 
6 c.c. oxygen remaining. This shows that 6 c.c. oxygen 
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has reacted with some other component of the juice. Curve B 
represents the oxygen loss in grapefruit juice packed with a 
75 c.c. headspace. The continuous line shows that the as¬ 
corbic acid content was 0.12 mgs. per c.c. juice when the 
oxygen was reduced to zero. Curve C indicates the oxygen 
loss in the headspace of grapefruit juice packed with a 50 
c.c. headspace and exposed to sunlight. Analysis shows 0.21 
mgs. ascorbic acid per c.c. was present when the oxygen was 
reduced to zero. Curve D indicates the results of the oxy¬ 
gen loss plotted against ascorbic acid loss in grapefruit 
juice packed with a 25 c.c. headspace, When the oxygen was 
reduced to zeroy there was 0.29 mgs. ascorbic acid remain¬ 
ing. Theoretically there should have been 0.26 mgs. ascor¬ 
bic ascorbic acid per c.c. present v;hen the oxygen was re¬ 
duced to zero. 
Figure II illustrates the time required to reduce the 
oxygen content to zero in apple juice packed in glass with 
a 25 c.c. headspace. Samples were stored under conditions 
of light and dark at room temperature and in the refriger¬ 
ator at 40 degrees F. to determine whether or not tempera¬ 
ture might be considered as important as light in increas¬ 
ing the rate of oxygen loss. Light reduced the oxygen in 
the headspace in 15 days at room temperature as indicated 
by curve I. Under conditions of darkness the oxygen con¬ 
tent was reduced to zero in 26 days as shown by curve 2. 
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Tli©!*© was still 0*2 c. c * oxygen in the headspace of samples 
stored in the refrigerator for 50 days* Therefore9 darkness 
and cold temperature decx*eased the rate of oxygen loss in 
the headspace of glass—packed apple juice* 
A similar experiment in which pure ascorbic acid solu¬ 
tions were used was completed under the same conditions as 
the apple juice. The results are shown in Figure III. 
Samples stored at room temperature in the light and also 
in the dark required 20 days to reduce the 5.2 c.c. oxygen 
in the headspace to zero* Samples stored at 40 degrees F* 
required 40 days to reduce the oxygen in the headspace to 
zero* Table II was derived from the chemical reaction in- 
volved in the oxidation of ascorbic acid. 
Fluid 
contents 1 cc. 
cc*s. 02 
2 
cc* s. 
02 
4 
CC* 6. 
02 
6 
CC1 6. 
02 
8 
cc1 s. 
02 
10 
cc* s. 
02 
20 
cc* s. 
02 
100 .079 .158 .316 .474 .632 .790 1,530 
200 1 *039 .079 .158 .237 .316 .395 .790 
300 .026 .033 .105 .158 .211 .263 .527 
400 .020 .039 .079 .118 .158 .197 .396 
500 .016 .032 .063 .095 .126 .158 .316 
1000 .008 .018 .032 .047 .063 .079 .153 
1500 .005 .011 .021 .032 .042 .053 .105 
2000 .003 .008 .016 .024 .032 .040 .079 
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Discussion of Results 
The oxygen in the headspace reacts with some component 
of the fruit juice resulting in a disappearance of the oxy¬ 
gen and a concomitant loss of ascorbic acid. This is in 
agreement with the findings of Pulley and von Loesecke (1939). 
Increase in temperature causes an acceleration in the rate 
of oxygen loss. This, in turn, causes an increase in the 
rate of ascorbic acid loss, which substantiates the work of 
Daniels (1936). The greater loss of oxygen than could be 
accounted for the ascorbic acid agrees with results obtained 
by Eddy in 1936. Some reducing factor other than ascorbic 
acid is entering into combination with the oxygen. Kolunan 
(1937) reported that oxygen was the most destructive agent 
to ascorbic acid in tomato juice. In this investigation 
oxygen was proven to be uhe most destructive agent to as¬ 
corbic acid in fruit juices. 
Apple juice required 16 days to reduce the oxygen con¬ 
tent to zero when the samples were stored in diffused light. 
Ascorbic acid solution required 20 days to reduce the oxygen 
content to zero. Storage of both grapefruit juice and apple 
in the dark required between 20 and 25 days. 
Effect of Artificial Light During Storage 
This section of the investigation involved the exposure 
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ot grapefruit juice and apple juice to artificial light and 
to darkness* At varying intervals the samples were analyzed 
ior the oxygen content* The results are shown in Figure IV* 
Grapefruit juice exposed to artificial light, required 100 
hours to reduce the oxygen content to zero. Sample from the 
same pack, analyzed after 280 hours in darkness, showed that 
50 per cent of the oxygen still remained, Midway through 
the dark exposure, certain samples were submitted to the 
artificial light. Analysis shov;ed that, after exposure to 
light, only 80 hours were required to reduce the oxygen con¬ 
tent to zero* 
A comparative study was undertaken on grapefruit juice 
packed in flint glass bottles with a 25 c*c. headspace. One- 
half of the pack was exposed to artificial light, the other 
half stored in darkness. Sample were removed from storage 
periodically and the oxygen content of the headspace was de¬ 
termined. The results are shown in Figure V. The samples 
stored in the light showed no oxygen present after 120 hours 
' i ' X* 
had elapsed, while those stored in darkness required §00 
hours to reduce the oxygen content to zero. 
Apple juice v/as substituted for grapefruit juice and 
packed in flint glass bottles with a 25 c.c. headspace. 
One-half of the samples were exposed to artificial light 
and. the other half stored in darkness at the same tempera- 
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ture, 40 degrees F. • Samples were removed periodically for 
gae analysis and the results are shown in Figure VI# They 
indicate that after 500 hours exposure to artificial light 
the oxygen content was reduced to zero* Samples, stored in 
darkness, were analyzed after 900 hours and had lost only 
50 per cent of the oxygen in the headspace. 
(In this investigation on artificial light, the light 
was shown to increase the rate of oxidation in glass-packed 
foods. This is not in agreement with the findings of Kauck 
(1958) who states that light exerts a preservative action 
on the ascorbic acid in glass-packed tomato juice)• 
In an experiment conducted with apple juice, one-half 
exposed to light, the other half held in the dark, an un¬ 
known factor entered into the v/ork. Since the ascorbic 
acid content of apple juice was practically negligible at 
the beginning, the oxidation should have been somewhat 
slower than in grapefruit juice. A comparable study has 
illustrated this point quite clearly. Apple juice required 
500 hours light exposure to deplete the oxygen content, while 
under similar conditions grapefruit juice required 100 hours. 
This fact was best explained by stating that ascorbic acid 
was presumably the most easily oxidizable substance present 
in any fruit juice. The loss of oxygen in apple juice whose 
ascorbic acid content is inadequate to react with the oxygen 
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in a 25 c.c* headspace has indicated ‘that, there were other 
oxidizable substances present# These substances must have 
been present in exceedingly small amounts as evidenced by 
the slow rate of oxidation. These substances must also have 
been photochemically active as indicated by the more rapid 
oxygen depletion of samples exposed to light. The light 
effect on ascorbic acid proved that there was not a greater 
los6 due to the light but only a more rapid lose of the same 
amount. 
Discussion of Hesuits 
The exposure of glass-packed fruit juices to artificial 
light in an accelerated rate of oxygen loss over the same 
juices when stored in darkness. In samples of grapefruit 
juice, the ascorbic acid content of which is naturally high, 
the artificial light activates some component of the juice. 
The result is that the oxygen is bound by the ascorbic acid 
about four times as fast as would result from dark exposure. 
The rate of oxygen loss in grapefruit juice can apparently 
be regulated, within limits, by introducing or removing a 
source of light. 
In the investigation involving apple juice, the ascorbic 
acid content of which is very low, the loss of oxygen takes 
a much longer time than does the grapefruit juice. The in- 
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teresting point is that the oxygen loss is greatly in excess 
of the amount capable of being bound chemically by the ascor¬ 
bic acid# Exposure to light has apparently activated some 
component in the apple juice, resulting in a more rapid de¬ 
crease in oxygen content than storage in darkness# 
Influence of Headspace on the Oxygen and Ascorbic Acid Loss 
In this experiment grapefruit juice was packed in glass 
bottles with headspaces of 25 c.c., 50 c.c., 75 c.c., and 
100 c#c. and the packs were exposed to artificial light. 
This was done in an attempt to learn what effect, if any, 
the headspace volume exerted upon the rate of oxygen loss and 
ascorbic acid loss# The packs with 25 c.c# headspace were 
found to be quite common in industry, but those with larger 
headspace were exceptional. This experiment yielded results 
that were obtained by exaggerating conditions found in in¬ 
dustry. Regardless of its impractical nature, it allowed 
interpretation of results that could not have been so defi¬ 
nitely concluded otherwise. 
Samples stored in the light chamber were removed period¬ 
ically and the oxygen content determined. The results are 
indicated in Figure VII# The samples with the 100 c.c. head- 
space required 354 hours to decrease the oxygen content to 
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zero, the 75 c.c. headspace required 280 hours, the 50 c.c 
headspace 222 hours, and the 25 c.c. headspace 164 hours# 
The ascorbic acid content was determined in each of 
the four pe.cks and was plotted against the decreasing oxy¬ 
gen content. The results are shown in Figure VIII. It 
was shown that the ascorbic acid loss was nearly propor¬ 
tioned to the oxygen loss. In the sample with 100 c.c. 
headspace the ascorbic acid content decreased from 0.350 
mgs. per c.c. of juice to 0.043 mgs. per c.c. The ascor¬ 
bic acid content of the sample with the 75 c.c. headspace 
decreased from 0.350 mgs. per c.c. juice to 0.117 mgs. per 
c.c.. The decrease in the sample with 50 c.c. headspace 
was from 0.350 mgs. per c.c. juice to 0.203 mgs. per c.c.. 
The sample with the 25 c.c. headspace decreased more near¬ 
ly in proportion to the theoretical loss than other sam¬ 
ples as shown by the proximity of the actual and the ex¬ 
perimental curves on the graph. In the sample with the 
25 c.c. headspace the ascorbic acid content decreased from 
0.350 mgs. per c.c. juice to 0.2S0 mgs. per c.c.. 
The theoretical loss of ascorbic acid was calculated 
on the volume of oxygen present in the headspace and the 
results are shown by the dotted line. In every set of 
samples the actual loss of aBcorbic acid was slightly less 
than the theoretical loss. 
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Discussion of Hesuits 
No reason has yet been offered for the greater loss of 
oxygen that could be bound by the ascorbic acid. This in- 
dicates one of two things, either there was readily oxidiza- 
ble substance present other than the ascorbic acid, or the 
ascorbic acid was converted into a reversiole form which has 
* i 
a titration value but no antiscorbutic properties. 
effect of Type of Container 
/ 
Grapefruit juice was packed in flint glass bottles and 
amber glass bottles and then subjected to artificial light. 
The headspace gas was withdrawn periodically and analyzed for 
oxygen content. 
In flint glass 254 hours were required to deplete the 
oxygen content while amber glass required more than hours. 
The ascorbic acid content was determined and the results 
are shown in Figure IX. Both samples contained 0.355 mgs. 
ascorbic acid at the beginning of the experiment. The final 
analysis indicated that the juice in the flint glass contained 
0.310 mgs. per c.c. and the juice in amber glass contained 
0.323 mgs. per c.c.. According to Table II, 0.013 mgs. as¬ 
corbic acid were capable of being oxidized by 1 c.c. oxygen. 
At the time of the final analysis there was slightly less 
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51 
than 1 c.c. of oxygen remaining in the headspace. V/hen this 
has reacted with the juice, it should reduce the ascorbic 
acid content by 0.013 mgs. per c.c., thereby making the 
final content in amber the same as in flint glass* The use 
of colored glass to prevent deterioration of vitamin C in 
fruit juices was inadequate* 
r *'■ 
Discussion of Results 
An interpretation of the results indicated that the 
amber glass functioned to decrease the amount of light 
penetrating the glass but did not, however, effectively 
change the reactions occurring within. That is, the oxy¬ 
gen content was apparently approaching zero* The amount 
that combined with ascorbic acid was precisely the same 
whether ox* not flint or amber* glass was used. This i6 not 
in accor*d with the findings of Hauck (1938) who states 
that amber* glass exerts a protective action on the ascorbic 
acid. 
Correlation of Oxygen Loss and Ascorbic Acid Loss 
The group of samples v/ere tested iox* oyygen after a 
period of storage. The results obtained are shown in 
Table III 
Table III 
V 
Light Exposure 
Hours 0 48 96 168 
Refrigerator 
300 control 
Warm storage 
hours 
840 792 744 672 540 
Initial 
oxygen cc. 
8.4 8.4 -8.4 8.4 8.4 8.4 
Oxygen after 
light exposure 
8.4 5.0 3.6 1.2 0.0 • 
Final oxygen 0.14 0.44 0.33 0.17 0.14 4.48 
Discoloration 
from storage 
Dark Dark Dark Dark Dark None 
Flavor Bitter Bitter Bitter Bitter Bitter Good 
Ascorbic acid 
mgs/cc. 
.197 .202 .202 .206 .200 .332 
52 
Those samples held at the warm temperature showed little or 
no oxygen, but all exhibited a darkening in color and devel¬ 
oped a bitterness of flavor. The control stored in the 
refrigerator lost only 50 per cent of the oxygen and developed 
no bitterness. The darkening of the juice without free oxy¬ 
gen indicated that the oxygen was not necessarily the causa¬ 
tive agent, but that storage temperature was more important. 
;vhen the temperature was held at 60 degrees F.f the light 
exerted no deleterious effects. 
No initial determinations were made on the ascorbic 
acid content. Determinations were made at the conclusion 
of the investigation, however. The values were, within 
experimental error, he same for all samples in which the 
oxygen had been decreased to zero. The final value for the 
ascorbic acid content averaged 0.200 mgs. per c.c., when 
8.4 c.c. oxygen had reacted with the product. This volume 
of oxygen theoretically caused a loss of 0.225 mgs* per c.c. 
in 300 c.c. of juice. The ascorbic acid content at the 
outset of this experiment was 0.425 mgs. per c.c.. The as¬ 
corbic acid content on the control held in the refrigei <^.tor 
was 0.332 mgs. per c.c. when 4.48 c.c. oxygen still remained. 
This sample lost 4.0 c.c. oxygen which caused a theoretical 
loss of 0.105 mgs. ascorbic acid per c.c. of juice. The 
initial value thus calculated was 0.437 mgs. ascorbic acid 
53 
per e.e. of Juice® This was in fairly close agreement- with 
the 0.425 mgs. per c.c. previously obtained. 
If the oxygen remaining in the control, 4.5 c.c., re¬ 
acted with the ascorbic acid in total, the expected loss 
would be 0.113 mgs. per c.c.. Since there was only 0.332 
mgs. per c.c. when the analysis was made, this further loss 
would bring the ascorbic acid content down to 0.214 mgs. 
per c.c.. Analysis showed the final content was 0.200 mgs. 
per c.c.. This second accurate check indicated that the 
loss of ascorbic acid is directly proportional to the loss 
of oxygen and may be predicted from this loss. 
Discussion of Results 
Under normal conditions of packaging the oxygen content 
of the headspace reacted with the ascorbic acid in preference 
to other constituents, whatever they may be. 
The oxygen content of the headspace of grapefruit Juice 
was only reduced 50 per cent and no bitterness of flavor 
developed when the samples were stored in the refrigerator. 
In all samples stored in warm temperature a darkening of 
color and a bitterness of flavor developed. 
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SUMMARY 
1. A year's investigation was conducted on the effect of 
light, heat, and type of container on the ascorbic acid 
content and the rate of oxygen loss in the headspace of 
glass-packed fruit juices. The literature pertaining to 
this subject was critically reviewed to ascertain what 
previous investigations, if any, were conducted. 
2. An apparatus was constructed for the volumetric analy¬ 
sis of headspace gases and dissolved gases. This appara¬ 
tus capable of measuring 30 c.c. was graduated in 0.1 c.c. 
spaces. The ascorbic acid content was measured by the 
2,6-dichlorophenolindophenol dye titration method. Analy¬ 
ses were completed on samples subsequent to exposure to 
diffused and artificial light and to dark storage. 
3. Oxygen in the headspace of glass-packed apple juice 
disappeared in 20 to 30 days when stored in darkness, in 
one-half that time when stored in diffused daylight, and 
in about 60 days when stored in the refrigerator. Storage 
under artificial light required approximately 20 days to 
reduce the oxygen content to zero. 
4. Grapefruit juice required 100 hours to decrease the 
oxygen content to zero when exposed to artificial light 
and approximately 500 hours when stored in darkness. 
55 
Light, increased the oxidation rate more than four times* 
5. Studies on grapefruit juice packed in glass bottles 
with varying headspace were completed. Sample with 25 c*c. 
headspace required 100 hours to reduce the oxygen content 
to zero, 50 c.c. required 232 hours, 75 c.c. required 280 
hours, and 100 c.c. required 354 hours when exposed to 
artificial light. 
6. The ascorbic acid loss on all samples of grapefruit 
juice is nearly proportional to the oxygen loss, as long as 
oxygen remains present. Because of the high ascorbic acid 
« 4 * . ' . ' ' K 
content of grapefruit juice, the percentage loss is fairly 
• > * > * 
small when compared to the percentage loss in apple juice 
* '» 
whose ascorbic acid content is very small. 
7. The use of amber glass afforded no protection against 
the ascorbic acid loss which results from the union with 
headspace oxygen. However, it does reduce the rate of 
oxygen loss in the headspace. The loss in ascorbic acid 
content is the same in amber as in flint glass. 
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CONCLUSION 
The oxygen in "the headspace of* glass-packed fruit 
juices disappears on storage. Storage under diffused 
light or artificial light increases the rate of oxygen 
loss9 while storage in the dark and in the refrigerator 
decreases the reaction rate. The deleterious effects 
produced during storage are due to heat and not light. 
The decrease in oxygen content is accompanied by a de¬ 
crease in ascorbic acidf a readily oxidizable substance. 
Very few food-stuffs are sold by the canner to the 
consumer. They are generally sold to brokers and stored 
in ware houses. The period of storage undergone by 
glass-packed fruit juices is sufficient to reduce the 
oxygen content to zero. The reduction in oxygen is ac¬ 
companied by the oxidation of a readily oxidizable sub¬ 
stance, ascorbic acid in grapefruit juice, and an unknown 
substance in addition to the ascorbic acid in apple juice. 
The oxidation of ascorbic acid results in the formation of 
a substance which has lost its antiscorbutic property. 
The storage period is generally long enough to offset 
the decrease in the oxidation rate in the use of colored 
glass. The same volume of oxygen and the amount of ascor¬ 
bic acid are lost during storage, irrespective of the tjipe 
of glass container. 
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